In this study, lignin was oxidised to vanillin by means of oxygen in ionic liquid (1,3dimethylimidazolium methylsulphate) medium. The parameters of the oxidation reaction that have been investigated were the following: concentration of oxygen (5, 10, 15 and 20 ft 3 h -1 ), reaction time (2, 4, 6, 8 and 10 h) and reaction temperature (25, 40, 60, 80 and 100°C). The Fourier transform infrared spectroscopy, high performance liquid chromatography and ultraviolet-visible analyses were used to characterise the product. The results revealed vanillin as the product obtained via the oxidation reaction. The optimum parameters of vanillin production were 20 ft 3 h -1 of oxygen for 10 h at 100ºC. In conclusion, 1,3-dimethylimidazolium methylsulphate could be used as an oxidation reaction medium for the production of vanillin from rubber wood lignin.
and aroma in food industry and also in the fragrance industry for instance perfumes, hygienic products and to cover up disagreeable scent or taste in drugs as well. It can also be used in chemical intermediary for the production of pharmaceuticals and other 1, 2 . The presence of small quantity of vanillin in vanilla beans or seed pods of the tropical Vanilla orchid makes its extraction limited and not economically feasible 3 . Thus, the oxidation of lignin to produce vanillin has been investigated extensively 4, 5 1 . Lignin can be isolated from lignocellulosic materials by using the Kraft pulping or sulphate process. The process involved the use of concentrated and strong bases, liquor 6 . Black liquor that contains lignin fragments after processing of lignocellulosic materials by this isolation process can be used to produce vanillin via oxidation reaction 7 . However, additional steps are needed after the oxidation reaction to neutralise the high pH value of black liquor in relation to the vanillin recovery. Besides, this process to produce vanillin is no longer accepted because of corrosivity, hazardous and can cause harm to the environment 8 . Another method has been developed to isolate lignin is organosolvent process 9 . Nevertheless, this process also has its own drawbacks due Moreover, the process also usually requires high pressures conditions 10 and the stateof-the-art equipments are often necessitated for oxidation of lignin since low boiling point of organic solvents that were used as a medium have high vapour pressure.
Ionic liquids are considered as green solvents because they indicate some interesting properties such as negligible vapour pressure (being non-volatile), envi- [11] [12] [13] [14] . severe side-reaction occurred and simplicity in recovery of the products 15, 16 . Since ionic liquids offer a potentially clean medium for carrying out chemical reactions or processes, more attention has been paid on lignocellulosic materials, for example cellulose and lignin 17, 18 . Up to now, the oxidation studies of lignin in ionic liquids medium are less reported, especially by using hydrophilic ionic liquid and in the absence of any catalyst 19 . In this preliminary study, rubber wood was used as a raw material. The lignin was isolated by means of ionic liquid from rubber wood, the isolated lignin was oxidised to produce vanillin. The process was carried out in hydrophilic ionic liquid medium and no catalyst required for avoiding possible metal-contamination of the product. The product was characterised by the Fourier transform infrared spectroscopy, high performance liquid chromatography and ultraviolet-visible analyses. The effect of experimental reaction conditions on the optimisation of vanillin production was also studied. EXPERIMENTAL MATERIALS 1,3-Dimethylimidazolium methylsulphate and methanol were purchased from Merck. Rubber wood (Hevea brasiliensis) used in the experiments was supplied by local sawmill and wood processing factory in Malaysia. Oxygen gas was obtained from were used as received.
ISOLATION OF LIGNIN FROM RUBBER WOOD
The isolation of lignin from rubber wood by using ionic liquid was done according to a procedure described elsewhere 12 . Rubber wood was grinded, sieved and kept in the oven to remove moisture. Then, 52.50 g of rubber wood (oven-dry weight) Then, the soluble lignin was separated from ionic liquid through precipitation with water for several times. They were collected and dried into a vacuum oven at 85°C for 24 h. The isolated lignin was kept over a desiccant before further oxidation. 
CHARACTERISATION
Fourier transform infrared (FTIR). FTIR analyses were carried out by using a Perkin Elmer Spectrum 100 Series spectrometer to determine the presence of vanillin functional groups in the product after the oxidation. The FTIR spectra were obtained by composite crystal accessory. The spectra resolution was 4 cm -1 , the scanning wavenumber ranged from 4000 to 800 cm -1 and each spectrum was 16 scans. All spectra were rationed against the reference spectrum of background.
High performance liquid chromatography (HPLC was carried out based on qualitative analysis in an Agilent 1200 Series HPLC and a column (5-pm octadecasilane silica, Nucleosil-C18, 150 × 4.6 mm). The separation was obtained using a linear gradient of 2 solvent systems: solvent A (water + acetic acid, 94:6) and solvent B (methanol + acetonitrile + acetic acid, 95:4:1). A linear gra--1 .
The product was detected with a DAD detector at 280 nm by computer comparison of the retention times and peak areas with the standard vanillin.
Ultraviolet-visible (UV-vis.) spectroscopy. UV-vis. spectra were measured on a Perkin Elmer Lambda 25 UV-vis. spectrometer in the wavelength range of between 240 and 330 nm with scan speed of 960 nm min -1 . Lamp change wavelength was 355 nm and slit width 1.00 nm. A 2.5 ml aliquot of the product was placed directly into the quartz cuvette where the beam could directly pass through it to measure the absorbance (A).
RESULTS AND DISCUSSION
FTIR CHARACTERISATION Figure 1 displays the FTIR spectra of the standard vanillin and the product, the bands of spectra are summarised in Table 1 and the chemical structure of vanillin is shown in Table 1 the spectrum bands of the standard vanillin and the product illustrated the equality between them and the presence of the functional groups of vanillin (Fig. 2) are explicitly observed in the product. Hence, the product from the oxidation reaction could be recognised as as the product of oxidation. Figures 3 and 4 present the HPLC chromatograms of the standard vanillin and the product, respectively. The chromatograms showed a major peak for the retention time of the product (11.312 min) which is nearly the same as the retention time of the standard vanillin (11.318 min). This observation corresponds to the result that was obtained from the FTIR spectra. This qualitative analysis also indicated there was no with the standard vanillin. However, the unanticipated high signal/noise ratio of the product believed to be due to the existence of small amount of impurities. Based on the analysis, the peaks of impurities did not show any useful information regarding other compounds because their concentrations are relatively low, thus, they are not considered further. Nevertheless, UV-vis. measurements were conducted to prove the Figure 5 shows the UV-vis. spectra of the standard vanillin and the product. The absorption peaks for both spectra are almost similar especially for the peaks in the region from 242 to 254 nm. However, the spectrum of the product contained some small absorption peaks arising between 284 and 302 nm in comparison with the stand-amounts. These peaks could be assumed negligible as long as the main broad peaks (242 to 254 nm) are not changed to sharp and narrow peaks, this is most likely the main are entirely consistent with the results obtained from the HPLC chromatograms. The product that has been characterised above is obtained under optimum reaction conditions. Lignin undergoes depolymerisation during the oxidation reaction; as a result, the rate of depolymerisation depends on the oxidation conditions. The primary chemical structure of lignin does not changed during the dissolution in ionic liquid. However, it changes along with the formation of vanillin when the concentration of oxygen is greater. The reaction time of the oxidative mixture has to be maximised to extend the depolymerisation. The temperature has also indicated similar effect on oxidation reaction, whereby high temperature increases the solubility of oxygen in the ionic liquid and enhances the lignin depolymerisation rate. Therefore, the optimum parameters of vanillin production were 20 ft 3 h -1 of oxygen for 10 h at 100ºC liquid concentration does not result in improvement of the vanillin production for all investigated parameters, the resultant product is almost the same at the end of the oxidation reaction. On the other hand, this preliminary study also showed that the product acquired from these optimum reaction conditions released a scent identical to the standard vanillin.
CONCLUSIONS
The FTIR spectroscopy results indicated the presence of vanillin functional groups in the product. The HPLC results revealed that the retention time of the product is nearly the same as that of the standard vanillin. UV-vis. spectra demonstrated absorption peak of the product very similar to those of the standard vanillin. The optimum parameters of vanillin production were 20 ft 3 h -1 of oxygen for 10 h at 100ºC. In conclusion, the vanillin has been successfully obtained by means of rubber wood-based lignin via oxidation reaction in an ionic liquid (1,3-dimethylimidazolium methylsulphate) medium.
